O n July 1, 2011, the Accreditation Council for Graduate Medical Education (ACGME) implemented new duty hour reforms for all ACGME-accredited residency programs. 1 The revisions maintain the weekly limit of 80 hours set forth by the 2003 duty hour reforms 2 but reduced the work hour limit from 30 consecutive hours to 16 hours for firstyear residents (interns) and 24 hours for upper-year residents (with an additional 4 hours to perform transitions of care and participate in educational activities). 1 In parallel, new standards for enhanced faculty supervision were also introduced to further efforts to improve patient safety. Initial duty hour reforms in 2003 were prompted by widespread concern about the effects of resident fatigue, including deaths due to medical errors. 3 However, previous research evaluating the 2003 duty hour reforms has found no significant associations of the reforms with changes in mortality, [4] [5] [6] [7] hospital readmission rates, 8 indicators of patient safety, 9 or probability of prolonged length of stay 10 in the first few years after reforms. Program directors and residents remain concerned that the 2011 duty hour reforms may adversely affect the quality of resident education, increase handoffs in care, and put both patient safety and outcomes at risk. [11] [12] [13] One year before the reforms went into effect, 94% of residency programs reported exceeding the 16-hour limit for first-year residents, 12 indicating that teaching hospitals in the United States would need to undergo a major restructuring to become compliant. Furthermore, such changes are associated with significant cost burdens without additional funding available. 14, 15 Given the significance of duty hour reforms, it is of vital importance that the immediate associations of these changes be evaluated. In this study, our objective was to evaluate the association of the 2011 ACGME duty hour reforms with mortality and readmissions among hospitalized Medicare patients during the first year after the reforms.
Methods
This study was approved by the institutional review boards at the University of Pennsylvania and The Children's Hospital of Philadelphia. A waiver of consent was approved by the institutional review boards because this study, which analyzes millions of patients, poses minimal risk to confidentiality and it would not have been feasible to obtain informed consent from each individual.
Main Outcome Measures
The main outcome measure was all-location mortality within 30 days of hospital admission for patients admitted with a principal medical diagnosis of acute myocardial infarction, stroke, gastrointestinal bleeding, or congestive heart failure or a Diagnosis Related Group (DRG) classification of general, orthopedic, or vascular surgery. We assessed all-location mortality (both in-hospital and postdischarge deaths) within 30 days of admission because it is a measure that eliminates bias due to length-of-stay differences between hospitals or over time. 16 This measure is consistent with previous research [4] [5] [6] [7] and supported by the Centers for
Medicare & Medicaid Services (CMS).
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A secondary outcome measure was all-cause readmission within 30 days of hospital discharge for all patients discharged alive after admission with a principal medical diagnosis of acute myocardial infarction, stroke, gastrointestinal bleeding, or congestive heart failure or a DRG classification of general, orthopedic, or vascular surgery. This measure is consistent with previous research 8 and supported by the CMS.

Study Sample
Patients were selected using an approach described in previous studies [4] [5] [6] [7] [8] and included all Medicare patients admitted to short-term, acute care, general US nonfederal hospitals from July 1, 2009, to June 30, 2012. Admissions were excluded from analysis if any of the following criteria were met: (1) a hospital was non-acute care, not in a US state or the District of Columbia, or opened or closed during the study period; (2) a hospital had fewer than 350 Medicare admissions in any year (a mean of less than 1 admission per day across all conditions), to eliminate those too small to yield stable estimates in a fixed-effects analysis; (3) Medicare Cost Report data or resident-to-bed (RB) ratio were missing; (4) a patient was enrolled in a health maintenance organization at any point during the study period, because these admissions did not have complete claims data for our analysis; (5) a hospital was missing more than 2 months of data in the prereform period or 1 month of data in the postreform period; (6) a patient's hospitalizations spanned July 1, 2011 (the timing of the implementation of new duty hour reforms); (7) a patient had a reported date of death before an admission date; (8) a patient was younger than 66 years (to allow a 180-day look back for risk adjustment) or older than 90 years ( because changes in the proportion of such patients treated aggressively may not be well reflected in administrative data); (9) a patient admitted for acute myocardial infarction was discharged alive in fewer than 2 days (because such cases may not represent actual acute myocardial infarctions) 18, 19 ; or (10) a patient was transferred from one hospital to another for a qualifying condition or surgical procedure (in which case the entire episode of care was evaluated as a single admission rather than 2 admissions). Additional details are available in eTable 1 in the Supplement.
To evaluate 30-day all-cause readmissions, each admission was considered an index admission if there were no admissions for that patient in the previous 30 days. A 30-day look back was instituted to reduce the likelihood that readmissions were selected as index admissions, which otherwise might have skewed readmission rates. 8 When there was a transfer of care during an index admission from one hospital to another, the admission date from the first hospitalization was used along with the discharge date from the second hospitalization. This allowed us to capture the entire episode of care and removed the possibility that the second hospitalization could be counted as a readmission for the index admission at the first hospitalization.
The Elixhauser method used 27 comorbidities excluding fluid and electrolyte disorders and coagulopathy, which should not be used in quality indicator risk adjustment, 21, 22 and has been shown to achieve better discrimination than other approaches. 23, 24 This was augmented with adjustments for age, sex, and race/ethnicity. For surgical categories, we also adjusted for DRGs, grouping DRGs with and without complications or comorbidities into 1 variable. We performed a 180-day look back, including data from previous hospitalizations, to obtain more comprehensive information on comorbidities than available by using the index admission alone. The primary measure of teaching intensity was the RB ratio, calculated at a defined point in time as the number of interns plus residents divided by the mean number of staffed beds. The RB ratio has been used to differentiate hospitals by teaching intensity in previous studies [27] [28] [29] and in the approach used in previous research. [4] [5] [6] [7] [8] [9] [10] Teaching hospitals were defined as hospitals with RB ratios greater than 0 as follows: very minor (RB ratio, >0 to <0.05), minor (RB ratio, 0.05 to <0.25), major (RB ratio, 0.25 to <0.60), and very major (RB ratio, ≥0.60).
Statistical Analysis
We used a multiple time series research design, 4-10,30 also known as difference in differences, and examined whether the implementation of duty hour reforms was associated with a change in the underlying trend in patient outcomes for more intensive relative to less intensive teaching hospitals, an approach that reduced potential biases from unmeasured variables. 31, 32 The multiple times series research design compared each hospital with itself, contrasting the changes in more intensive teaching hospitals to the changes in less intensive teaching hospitals, and adjusted for observed differences in patient risk factors. The design also adjusted for changes in outcomes over time (trends) common to all hospitals and minimized bias from 3 possible sources. First, a difference between hospitals that is stable over time cannot be mistaken for an effect of the reform because hospital fixed effects are used to compare each hospital with itself before and after reform. Second, universal changes affecting all hospitals similarly, such as technological improvements or pay-for-performance initiatives, cannot be mistaken for an effect of the reform because the logit model includes year indicators. Third, if the mix of patients is changing differently among hospitals, and if these changes are accurately reflected in measured risk factors, this cannot be mistaken for an effect of the reform because the logit model adjusts for these measured risk factors. Although the difference-in-differences model offers these advantages, it has limitations. Any diverging trend in mortality or readmission rates over time for more intensive relative to less intensive teaching hospitals already in progress or coincident with the initiation of the reform could be mistaken for an effect of the reform, although we adjusted for any observed differences in prereform trends. Logistic regression models were fit with patient outcomes data from July 1, 2009, to June 30, 2012, using the RB ratio as a continuous variable to measure hospital teaching intensity. The dependent variables in the models were all-location mortality within 30 days of hospital admission and all-cause readmission within 30 days of hospital discharge. We report the C statistic, which represents model fit. 33 Similar to previous research, 4-10 30-day all-location mortality and 30-day all-cause readmissions were assumed to have a common time trend until implementation of the duty hour reforms, after which the trends were allowed to diverge. To assess whether underlying trends in 30-day alllocation mortality and 30-day all-cause readmissions were similar among more intensive relative to less intensive teaching hospitals during the 2 years before duty hour reform, a test of controls was performed. 34 Parameters were added to the model for interactions between the RB ratio and indicators for prereform year 2 and prereform year 1. A Wald test was used to determine whether these interactions significantly improved model fit, 35 which would suggest that more intensive teaching hospitals relative to less intensive teaching hospitals had differing trends in the 2 years before reform independent of the reform. Similar to previous research, 4-10 if a test of controls was significant for differing prereform trends, then instead of using both prereform years as a control, only prereform year 1 (July 1, 2010, to June 30, 2011) was used as a control in the main model. The association of duty hour reforms with patient outcomes was estimated using the coefficients of RB ratio interacted with a dummy variable representing postreform year 1 (July 1, 2011, to June 30, 2012). These coefficients, presented as odds ratios (ORs), measure the degree to which 30-day alllocation mortality and 30-day all-cause readmissions differed over time in more intensive relative to less intensive teaching hospitals. Medical conditions were assessed both individually and together as combined medical conditions. Surgical categories were also assessed individually and as combined surgical categories. All hypothesis tests were 2-sided and used a significance level of P<.05. All statistical analyses were conducted using SAS version 9.3 (SAS Institute Inc).
We performed a series of independent sensitivity analyses to further evaluate model estimates. First, we excluded patients from the state of New York, where duty hour reforms have historically been implemented differently from other states. Second, we excluded patients transferred from nursing homes, whose care may be less aggressive. Third, we used
Results
The study sample comprised 2 790 356 patients with 6 384 273 admissions from 3104 hospitals. The number and proportion of hospitals and associated admissions by teaching intensity were as follows: 96 very major teaching hospitals (3.1% of all hospitals in the sample) comprising 353 040 admissions (5.6% of all admissions in the sample), 138 major teaching hospitals (4.4%) comprising 513 704 admissions (8.1%), 442 minor teaching hospitals (14.2%) comprising 1 330 993 admissions (20.9%), 443 very minor teaching hospitals (14.3%) comprising 784 125 admissions (12.3%), and 1985 nonteaching hospitals (64.0%) comprising 3 402 411 admissions (53.3%). Table 1 and Table 2 show patient characteristics and comorbidities for the sample during the entire study period. Sample patient characteristics by study year are available in eTables 2 through 4 in the Supplement.
In the 2 years before duty hour reforms, there were 4 325 854 admissions with 288 422 deaths and 602 380 readmissions. In the first year after the reforms, there were 2 058 419 admissions with 133 547 deaths and 272 938 readmissions. Unadjusted trends in 30-day all-location mortality and 30-day all-cause readmissions declined over time for most medical conditions and surgical categories ( Table 3) . Unadjusted trends for both outcomes also declined when evaluated by hospital teaching intensity ( Table 4) .
Between prereform year 2 and prereform year 1, a test of controls did not find diverging trends for 30-day all-location mortality for any medical conditions or surgical categories. For 30-day all-cause readmissions, a test of controls found diverging trends only for the surgical categories of orthopedic surgery and vascular surgery (estimates available in eTables 5 and 6 in the Supplement), so for these categories, prereform year 1 was used as the reference group in adjusted analyses.
In adjusted analyses of 30-day all-location mortality, there were no significant differences over time in more inten- Table 5 ). In adjusted analyses of 30-day all-cause readmissions, there were no significant differences over time in more intensive relative to less intensive teaching hospitals for combined medical conditions (OR, 1.00; 95% CI, 0.97-1.02; P = .71) or combined surgical categories (OR, 1.00; 95% CI, 0.98-1.03; P = .88) ( Table 6 ). There were higher odds of 30-day all-cause readmissions for the medical condition of stroke (OR, 1.06; 95% CI, 1.001-1.13; P = .047) but not for any other individual medical condition or surgical category. The C statistics for the 30-day all-location mortality models ranged from 0.68 to 0.86, while the C statistics for the 30-day all-cause readmission models ranged from 0.59 to 0.68. This indicates that the available covariates were reasonably strong predictors of mortality but less strong predictors of readmission. Sensitivity analysis for combined medical conditions and combined surgical categories did not differ from the main models for 30-day all-location mortality or 30-day all-location readmissions (eTables 7-14 in the Supplement). Thirty-day all-cause readmission estimates had significantly higher odds for stroke when excluding the state of New York but were not significant when excluding patients transferred to nursing homes, when using the bootstrap procedure, or for 7-day all-cause readmission estimates.
Discussion
Duty hour reform is arguably one of the largest efforts ever undertaken to improve the quality and safety of patient care in teaching hospitals. To our knowledge, this is one of the first national evaluations of the association of the 2011 ACGME duty hour reforms with patient outcomes. In the first year after the reforms, we found no significant positive or negative associations of duty hour reforms with 30-day all-location mortality for any of the medical conditions or surgical categories in this study. We also found no significant positive or negative associations of duty hour reforms with 30-day all-cause readmissions for combined medical conditions or combined surgical categories. We did find that patients admitted with stroke had higher odds of 30-day all-cause readmission after reform for more intensive rela- readmissions, measurements of other outcomes such as patient safety indicators or complications may better elucidate the relative effects of decreased resident fatigue and increased patient handoffs. Abbreviation: ACGME, Accreditation Council for Graduate Medical Education. a Hospital teaching intensity was classified using the resident-to-bed (RB) ratio as follows: very major teaching (RB ratio Ն0.60), major teaching (RB ratio, duty hour reforms may be less likely to be directly associated with changes in patient outcomes at more intensive relative to less intensive teaching hospitals. Despite these potential considerations, our findings suggest that in the first year after the 2011 duty hour reforms, the goals of improving the quality and safety of patient care, 1 as measured by decreased 30-day all-location mortality and 30-day all-cause readmissions, were not being achieved. Conversely, concerns [11] [12] [13] [44] [45] [46] that outcomes might actually a The resident-to-bed (RB) ratio is a continuous variable that reflects hospital teaching intensity. Odds ratios represent the regression coefficients from the interaction term (RB ratio × postreform year 1). This term represents the change in the odds of an event (eg, readmission) for a 1-unit change in the RB ratio, from an RB ratio of 0 to an RB ratio of 1. Using readmission as an example, an odds ratio of 0.7 suggests that the odds of being readmitted decreased 30% when comparing a hospital with an RB ratio of 1 vs an RB ratio of 0 before and after the change in the duty hour reforms. C statistics were as follows: for acute myocardial infarction, 0.61; stroke, 0.60; gastrointestinal bleeding, 0.63; congestive heart failure, 0.59; combined medical conditions, 0.62; general surgery, 0.65; orthopedic surgery, 0.67; vascular surgery, 0.65; and combined surgical categories, 0.68. a The resident-to-bed (RB) ratio is a continuous variable that reflects hospital teaching intensity. Odds ratios represent the regression coefficients from the interaction term (RB ratio × postreform year 1). This term represents the change in the odds of an event (eg, death) for a 1-unit change in the RB ratio, from an RB ratio of 0 to an RB ratio of 1. Using death as an example, an odds ratio of 0.7 suggests that the odds of dying decreased 30% when comparing a hospital with an RB ratio of 1 vs an RB ratio of 0 before and after the change in the duty hour reforms. C statistics were as follows: for acute myocardial infarction, 0.73; stroke, 0.68; gastrointestinal bleeding, 0.75; congestive heart failure, 0.68; combined medical conditions, 0.71; general surgery, 0.82; orthopedic surgery, 0.86; vascular surgery, 0.73; and combined surgical categories, 0.85. b The test of controls for orthopedic surgery and vascular surgery found that the RB × prereform year 2 and RB × prereform year 1 were statistically different, so in these models RB × prereform year 1 alone was used as the referent group.
patient safety indicators or complications may better elucidate the relative effects of decreased continuity of care compared with decreased resident fatigue. Nonetheless, we chose to report 2 outcomes that are most accurately observed with claims data to minimize the likelihood of underreporting or overreporting. Second, any observational study is susceptible to unmeasured confounding. We used administrative data, so risk adjustment is more limited than with clinical data; however, by comparing outcomes over time within each hospital in more intensive relative to less intensive teaching hospitals, potential bias from unmeasured confounders is diminished. Third, survival bias associated with admissions resulting in death being differentially more likely after reform than before reform in more intensive relative to less intensive teaching hospitals could still have affected the study results. Fourth, the study population was limited to Medicare beneficiaries and, therefore, our sample may not be representative of the general US population. Fifth, we are unable to disentangle other major policy initiatives directed at this population concurrent with implementation of duty hour reforms. Sixth, this study evaluated outcomes in only the first year after the reforms, and these findings should be considered to be representative only of this time period. Further analysis of changes in patient outcomes several years after the reforms will be important to evaluate changes in associations over time.
Conclusions
Among Medicare beneficiaries, there were no significant differences in changes in 30-day mortality rates or 30-day all-cause readmission rates for those hospitalized in more intensive relative to less intensive teaching hospitals in the year after implementation of the 2011 ACGME duty hour reforms compared with those hospitalized in the 2 years before implementation.
